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(Stochastic Ordinary $\mathrm{D}\mathrm{i}\mathrm{f}\mathrm{f}\mathrm{e}\mathrm{r}\dot{\mathrm{e}}$ntial Equations SODES )
. SODES ,
2 ( ) ,
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, $d$ Langevin SODE .
(2.1) $dX=f(X)dt+GdW$
, $f=\{f^{i}\}$ $d$ , $G=\{g^{ij}\}$ d $\cross$ m , $W=\{W^{j}\}$
$m$ Wiener . SODE $\mathrm{G}$ $d$ ,
,
$G=diag(g,g,\cdot, g^{d})12.$.
. SODE (2.1) , .
, 2 , (strong ap-
proximation methods) (weak approximation methods) .
SODE (sample path)
. SODE ( )
.
, . ,
$\triangle t_{n}=t+1-nt_{n}$ , $\triangle W_{n}^{i}=W^{i}(t_{n}+1)-W^{i}(t_{n})$ ,
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(2.2) $\overline{X}_{n+}^{i}1=\overline{x}in+f_{n}i\triangle t\mathrm{n}+g^{i}\Delta Wni$ .
2. Heun
Heun Runge-Kutta – . 2 Rung\leftarrow Kutta $($
Heun ) SODE $[2|$ .
(2.3) $\overline{X}_{n+1}^{i}=\overline{X}_{n}i\frac{1}{2}[+F_{1}^{i}+F^{i}2]\triangle tn+g\Delta iW_{n}i$ ,
,
$F_{1}^{i}=f^{\dot{f}}(\overline{x}n)$ , $F_{2}^{i}=f^{i}(\overline{X}n+F_{1}\triangle t_{n}+G\triangle W_{n})$ .
Heun (2.3) , Langevin SODE 1
.
3. order 1.5 strong Ito- aylor
Ito-Taylor SODE It\sim Taylor ,
$[4|$ .
(2.4) $\overline{X}^{i}1=\overline{X}^{i}+fn+nng\triangle i\triangle t_{n}+Win\frac{1}{2}i+L0fi(\triangle tn)2+\sum_{=j1}^{d}Ljfi\triangle znj$
$L^{0}= \sum_{k=1}^{\mathrm{d}}f^{k}\frac{\partial}{\partial x^{k}}+\frac{1}{2}\sum_{k=1}^{d}(_{\mathit{9}}k)^{2_{\frac{\partial}{\partial x^{k}\partial x^{k}’}}}$
$L^{j}=g^{i_{\frac{\partial}{\partial x^{j}}}}$ .
4. Explicit order 1.5 strong
explicit Taylor (2.4) , Taylor
[4].
$\langle$2.5) $\overline{X}^{i}1=\overline{x}^{i}n+nn+g\Delta Wi.i+\frac{1}{2\sqrt{\triangle i_{n}}}\sum_{j=1}^{d}(f^{i}(\mathrm{Y}_{+}^{j})-f\dot{i}(\mathrm{Y}_{-)}j)\Delta Z^{j}n$
$+ \frac{1}{4}\Delta t_{n}\sum(j=1dfi(\mathrm{Y}_{+}j)-\frac{2(d-2)}{d}\dot{f}n+f^{i}(Y_{\wedge}j))$,
144
$\mathrm{Y}_{\pm}^{j}=\overline{X}_{n}+\frac{1}{d}f_{nn}\triangle t\pm g\sqrt{\triangle t_{n}}j.\cdot$
Euler (2.2), Heun (2.3), Taylor (2.4), explicit
(2.5) , Wiener \Delta WA \Delta Zni , $0$ , 1
$\tilde{\xi}_{n}^{\dot{f}}$ [4].
$\triangle W_{n}^{\dot{\mathrm{f}}}=\xi^{i}n\sqrt{\Delta t_{n}}$, $\Delta Z_{n}^{i}=\frac{1}{2}\langle\xi n+\frac{\xi_{n}^{i}\sim}{\mathrm{v}^{\Gamma}3})(\Delta tn)s/2$
, .
$\dot{3}$
, , 3 Langevin SODE .
(3.1) $d$ $=dt+$






. , , (3.2)
, . , Liske&Platen
[6]. (3.2)
(3.3) $\int_{0}\tau.\cdot\int e^{-\beta\sigma}dW^{i}(\sigma)=\sum_{j=1}^{N}t_{j\sigma})tj-1e-\beta d\dot{W}(\sigma$
145
$= \sum_{j=1}^{N}\mathrm{e}^{-}(\beta \text{ _{}-}1\triangle W_{j-}^{ii}\beta\triangle\overline{z}-1+1^{-}j\Delta E_{j1}i)-$
. , $\Delta W_{n}^{i},$ $\triangle\overline{Z}_{n}^{i}$ =\triangle Wni--\triangle
– . , $\triangle P_{j}\text{ },$ $\triangle W_{n}^{i},$ $\triangle Z_{n}^{i}$ ,
O,
$\frac{1}{2\beta}(1-e^{-2\beta})\Delta t_{n}-2\Delta tn+e-\beta\triangle t_{n}\triangle tn-\beta(\Delta t_{n})2+\beta^{2}\frac{(\triangle t_{n})^{3}}{3}$
. , 2 , , 10 $S_{j}$ $(=1, \cdots, 10)$
(3.4) $S_{j}= \frac{1}{500}\sum_{i=1k}^{00}\sum^{3}(X^{k}’ i,j(T)\epsilon=1-\overline{X}^{k}’ j)Ni,2$
. , 90% .
$(S-\hat{\sigma}\cdot 1.8\mathrm{s}, s+\hat{\sigma}\cdot 1.83)$
$S= \frac{1}{10}\sum_{j=1}^{10}Sj$ , $\hat{\sigma}^{2}=\frac{1}{9}\sum_{1j=}^{1}(0Sj-S)^{2}$
\triangle tn , $2^{-4},2^{-6},2-6$ . $T=15$ ,
Table. 1. . $\mathrm{A}_{\mathrm{P}\mathrm{P}}1\mathrm{e}$ Macintosh centris 650 ,
Kahaner RNOR [3]. Table. 1. ,
. , Taylor exphhcit
, .
, (3.2) (3.3) ,
. $[7, 8]$ ,





, 2 ‘$\sqrt$‘ .
4





$[5, 10]$ , , SODffi
, ( )




( $F:d\cross d$ , $g^{i}:d$ ) ,
[1].
(4.2) $\frac{dM}{dt}=FM+MF^{\tau_{+}}\sum_{i=1}^{a}g^{i}g^{i\tau}$
(3.1) $d=3$ , 6 .
$\mathrm{Y}^{1}=E(X^{1}X^{1})$ , $\mathrm{Y}^{2}=E(x^{2}x^{2})$ , $Y^{3}=E(X\mathrm{s}X3)$ ,




. $Y(0)=(0,0,0,0,0,0)$ . (4.3)
$2^{-4}$ Euler , $t=15$ , $Y^{1}=E(X^{1})^{2}$ Fig. 1.
. , $Y^{1}$ $0$ , $t=6$ 0375
. Yl , , Yl
. , \Delta t, $2^{-4}$ ,
100 10 , ,
$S= \frac{1}{10\cdot 1\mathrm{o}\mathrm{o}}\sum_{j=1}\sum_{k=1}(\hat{x}1_{\dagger^{k}}^{\cdot},j)^{2}$
10 100
, Fig. 2. . , 10 90%
, Fig. 3. .
, 100 $\langle$ ,
($t=\mathit{7}$ t $=14$ ).
. , 1000 ,
Fig. 4. Fig. 5. ,
(Fig. 5), , . –
( ) . 3
(3.1) , 100 , 1000 SODE
[5, 10, 11]. SODE , $-p$
, (3.1) (Fig. 3. Fig. 5.)
. ,
- [9]. ,













. , , $f$
, . ,
3 , 100 SODE
. SODE ,
. ,
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